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Abstract
Background
The available data on routine immunization in Nigeria show a disparity in coverage between
Northern and Southern Nigeria, with the former performing worse. The effect of socio-cul-
tural differences on health-seeking behaviour has been identified in the literature as the
main cause of the disparity. Our study analyses the role of supply-side determinants, partic-
ularly access to services, in causing these disparities.
Methods
Using routine government data, we compared supply-side determinants of access in two
Northern states with two Southern states. The states were identified using criteria-based
purposive selection such that the comparisons were made between a low-coverage state in
the South and a low-coverage state in the North as well as between a high-coverage state
in the South and a high-coverage state in the North.
Results
Human resources and commodities at routine immunization service delivery points were
generally insufficient for service delivery in both geographical regions. While disparities
were evident between individual states irrespective of regional location, compared to the
South, residents in Northern Nigeria were more likely to have vaccination service delivery
points located within a 5km radius of their settlements.
Conclusion
Our findings suggest that regional supply-side disparities are not apparent, reinforcing the
earlier reported socio-cultural explanations for disparities in routine immunization service
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uptake between Northern and Southern Nigeria. Nonetheless, improving routine immunisa-
tion coverage services require that there are available human resources and that health
facilities are equitably distributed.
Introduction
Ever since the demonstration of the value of immunization by Edward Jenner in 1792, vaccina-
tion has increasingly become a key strategy in the prevention and control of infectious diseases
globally. Nigeria, with a population of over 170 million, has one of the highest under five mor-
tality rates in the world (143 deaths per 1000 live births), with about 25% of these deaths pre-
ventable through routine immunization [1]. Available data for routine immunization show a
disparity in coverage between Northern and Southern Nigeria. National surveys reveal that,
compared to the South, Northern Nigeria performs poorly on health indices, including immu-
nization coverage[2]. Previous studies show that children in parts of Southern Nigeria have
more than twice the chances of receiving full immunization compared to children in parts of
Northern Nigeria [3].
Nigeria is comprised of 37 states (inclusive of the Federal Capital Territory) which in turn
comprise a total of 774 Local Government Areas (LGAs). The constitution of Nigeria creates a
considerably decentralised system of government (politically and fiscally) in which health is
the concurrent responsibility of the federal, state and local tiers of government [4, 5]. The fed-
eral government develops policies and guidelines, provides technical support and is responsible
for the delivery of tertiary health care, while secondary and primary health care (PHC) are
under the purview of the states and local governments, respectively. In relation to immunisa-
tion, the federal government purchases vaccines, develops immunisation guidelines and pro-
vides technical support to sub-national governments through the National PHC Development
Agency. However, states and local governments provide infrastructure and logistics to deliver
routine immunization services. The policy of the government of Nigeria is to “provide immuni-
zation services and potent vaccines free to all population at risk” [6]. And to ensure equitable
access, the federal government recommends having routine immunisation services available
within 5km of any community [6, 7]. However, a 2013 survey found that immunisation cover-
age in Northern Nigeria zones ranged from 14% to 44%, while in Southern Nigeria zones, the
range was 70% to 81% [2].
Northern Nigeria, which is predominantly Islamic, bears cultural semblance to the Arab
states of North Africa and the Middle East [8, 9]. Although diverse in ethnicity, the Hausa and
Fulani (a largely nomadic group) cultures predominate. Historically, Northern Nigeria is
divided into Emirates, which are ruled by Fulani Emirs to whomminority groups paid tributes
and from whom religious and social norms derive. Islamic education is still widespread in
northern Nigeria [10]. Southern Nigeria on the other hand, with its numerous ethnic groups
(the largest being the Yoruba, Igbo and Ijaw), has Christianity as its dominant religion. South-
ern Nigerians tend to embrace Western culture and education as a consequence of direct Brit-
ish colonial rule [8, 9]. Studies document the impact of these socio-political and ethno-
religious diversities on health disparities, through their effect on health-seeking behaviour and
other demand-side factors [3, 11]. Although little is known about regional disparities in sup-
ply-side determinants, researchers and policymakers have established and focussed on the
association between demand-side factors and immunisation coverage. This evidence and
focus has led to interventions such as education (including maternal education), advocacy
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and community mobilization as a means of addressing inequities in utilization of routine
immunisation services [1, 3, 11]. In this study, we sought to examine the contribution of sup-
ply-side issues to inequities in routine immunization services between Northern and Southern
Nigeria.Our study hypothesis is that regional variations in vaccination uptake are not
exclusively explained by the socioeconomic and cultural differences between the regions,
but can also be attributed to supply-side determinants. We are thus looking at differences
between high- and low-coverage states in the same region, where demand-side determi-
nants are similar, to assess whether the same inequalities in access are uniformly present
in the North and in the South.
Methods
Study Setting
In this cross-sectional study, we compared equity in access in two Northern and two Southern
Nigerian states. These four states were identified using purposive selection based on relative
immunisation coverage and socio-cultural characteristics. The aim was to achieve a sample
that was representative of the two regions in terms of culture and religion, with one Northern
and one Southern state with a relatively high routine immunisation coverage, and one North-
ern and one Southern state with a relatively low routine immunisation coverage. Given that
data for this study was obtained as part of the national Primary Health Care (PHC) reviews,
states and local government areas which had not conducted PHC reviews for the third quarter
of 2013 (i.e. July-September) were excluded. Also excluded were states and local governments
which conducted the reviews but did not follow the guidelines, resulting in poor quality. Based
on these criteria and using routine immunisation coverage data from the 2010 Nigeria Immu-
nization Coverage Survey (NICS), the states of Abia, Ondo, Jigawa and Kano were selected
(Table 1). Full immunisation in the 2010 NICS was defined as having “received doses of the
standard six antigens—BCG, diphtheria–tetanus– pertussis (DTP) (3 doses), polio (3 doses),
and measles vaccines” [12]. The wide variation in data available from various surveys
informed our preference for the NICS given the immunization-specific nature of the survey.
The NICS provides verifiable data on full immunisation obtained from vaccination cards, thus
eliminating recall bias when compared to the more recent 2013 Nigeria Demographic and
Health Survey in which information was obtained from either mother’s history or vaccination
cards [2].
Data collection
The data used in this study were collected as part of national PHC reviews. These reviews were
instituted in 2011 to monitor the implementation of the 2010–2015 National Strategic Health
Development Plan [15]. The PHC reviews are conducted quarterly at the local government
level, biannually at the state level and annually at the federal level. Data for the PHC reviews
Table 1. Characteristics of States selected for study.
State Region Major Ethnic Groups Dominant Religion GDP per Capita Immunisation Coverage
Abia Southern Nigeria Igbo Christianity Abia $3,003 8%
Ondo Southern Nigeria Yoruba, Ijaw Christianity Ondo $2,392 54%
Jigawa Northern Nigeria Hausa, Fulani, Kanuri Islam Jigawa $673 63%
Kano Northern Nigeria Hausa, Fulani Islam Kano $1,288 3.4%
Sources: [13, 12, 14].
doi:10.1371/journal.pone.0144876.t001
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are obtained from the Health Management Information System (HMIS) summary forms and
local government health plans. A modified Tanahashi model for health systems bottleneck
analysis is used during the PHC reviews to assess bottlenecks at the LGA level, focusing on
three supply-side determinants of effective coverage—availability of essential health commodi-
ties, availability of human resources for health, accessibility of distribution points for the inter-
ventions i.e. geographical access [7]. We used these supply side data from the PHC reviews,
population distribution data, and routine data at the NPHCDA and the Federal Ministry of
Health of Nigeria (Table 2).
Data analysis
Data from all health facilities and local governments involved in the PHC reviews in the
selected states were analysed in the study. We compared the proportion of health facilities
with trained health workers for routine immunisation services between Northern and South-
ern Nigeria. The proportion of facilities reporting stock-outs of vaccines was also compared
across the regions. The proportion of target population living within a 5km radius of routine
immunisation service delivery points in each state was determined by analysing data aggre-
gated at the local government level within the state. Comparisons were made between the low-
coverage state in the South and the low-coverage state in the North as well as between the
high-coverage state in the South and the high-coverage state in the North. Two-by-two contin-
gency tables were developed to analyse the relationship between geographical location and the
indicator variables, i.e. availability of commodities, distance from service delivery points and
availability of trained routine immunisation service providers. Fisher’s Exact Test calculated
using STATA was used to assess the evidence of an association between the indicator variables
(outcome) and residing in Northern or Southern Nigeria (exposure variable). Prevalence ratios
were calculated for those indicators showing significant evidence of an association with the
exposure variable using STATA. Prevalence ratios were used instead of relative risks since this
is a cross-sectional study with exposure and prevalence of outcome measured at the same time
point [16].
Ethical considerations
This study is based on data routinely collected in the Nigerian public health sector, most of
which are publically available. Some data were accessed from the National Health Management
Information System [17]. Data not in the public domain were made available by the Federal
Table 2. Data Sources.
S/N Information Resource Type Source
1 Distribution of healthcare facilities in Nigeria GIS data NPHCDA Library
2 Distribution of human resources across health facilities Published data (for some states) NPHCDA
3 Immunization coverage Published survey and Administrative
reports
NPHCDA
4 Supply of health commodities Unpublished NPHCDA
5 Local Government Immunization micro-plans Unpublished NPHCDA
6 Immunization related reports, other research works, policy
documents
Grey Literature Internet, NPHCDA, FMOH,
NPC
Abbreviations: GIS-Geographic Information System; NPHCDA- National Primary Healthcare Development Agency; FMOH- Federal Ministry of Health;
NPC-National Population commission.
doi:10.1371/journal.pone.0144876.t002
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Ministry of Health and the National PHC Development Agency upon request. Formal permis-
sion from the NPHCDA for the use of data not in public domain for the purpose of this
research was obtained in writing. Approval to conduct this study was obtained from the
Research Ethics Committee of the London School of Hygiene & Tropical Medicine. As all data
used in the analysis are aggregated at the sub-national level and no individual or personal infor-
mation was collected, local ethics approval was not required.
Results
Data were available from 1,954 health facilities (343 and 464 in the Northern states of Jigawa
and Kano; 525 and 622 of in the Southern states Ondo and Abia, respectively) in 106 local gov-
ernment areas. While all 18 local government areas in Ondo had available data from PHC
reviews, data was available from 94% of local government areas in Abia state, 61% in Kano and
56%in Jigawa. Table 3 compares access to routine immunization between states in the same
region while also making comparisons between the North and South. Table 4 compares trans-
regional access between states of similar routine immunization coverage categories (High and
Low coverages).
Trans-Regional Differences
Table 3 shows how the high coverage states of Jigawa and Ondo ranked higher than the lower
coverage states with respect to vaccine availability. However in analysing disparities between
Northern and Southern states, there was no significant association between geographical loca-
tion and experiences of vaccine stock-outs. Further, there was no evidence of a significant asso-
ciation between geographical location and availability of trained vaccinators. Overall, there was
evidence of a significant association between residing in Northern versus Southern Nigeria and
accessing routine immunisation services within a 5 km radius: people residing in Northern
Nigeria were 1.13 times more likely to live within 5 km of routine immunisation service deliv-
ery points than those residing in Southern Nigeria.
Table 3. Supply-side Indicators for routine immunization across selected States (Trans-regional), n (%).
INDICATORS NORTH (N = 807) P-VALUE* SOUTH (N = 1147) P-VALUE* TOTAL
KANO (N = 464) JIGAWA
(N = 343)
ABIA (N = 622) ONDO (N = 525) P-VALUE**
Percentage of Health Facilities
without stock out of Oral Polio
Vaccines or Pentavalent vaccine
in the reporting period
411 (89) 330(96) <0.001 527(84.7) 512 (98) <0.001 0.38
Percentage of Health Facilities
with at least two trained
vaccinators
335 (72) 226 (66) 0.0633 444 (71) 337 (64) 0.0109 0.52
INDICATORS KANO
(N = 6,889,851)
JIGAWA
(N = 2,968,723)
ABIA
(N = 3,099,314)
ONDO
(N = 4,284,205)
P-VALUE**
Percentage of population living
within 5 km radius from
immunization service points
(Health Facilities and outreach
locations)
3,847,395 (56) 2,396,411 (81) <0.001 1,422,987 (46) 2,719,700 (64) <0.001 < 0.001
Low coverage states: Abia (Southern Nigeria) and Kano (Northern Nigeria)
* Fisher’s exact test for a difference in proportion between health facilities in Northern states and between health facilities in Southern states, respectively
** Fisher’s exact test for a difference in proportions between facilities in Northern and facilities in Southern states.
doi:10.1371/journal.pone.0144876.t003
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Interstate Differences
Table 3 compares access to routine immunization within the regions and shows evident dispar-
ities across all indicators between individual states irrespective of regional affiliations. The
exception is in the analysis of the relationship between the two Northern states with respect to
availability of two trained vaccinators. Here there is weak evidence against the null hypothesis,
suggesting no disparities between the relatively high and low coverage states in the North with
respect to availability of trained vaccinators.
Table 4 compares access among states with similar coverage. The results provide evidence
against the null hypothesis, suggesting no disparities between states with similar coverage in
terms of vaccine stock-outs and availability of trained vaccinators. Furthermore, the two low
coverage states—Kano and Abia –had higher proportions of facilities with adequate number of
trained vaccinators than the higher coverage states of Ondo and Jigawa.
Discussion
This study suggests that the availability of human resources and commodities at routine immu-
nisation service delivery points are independent of geographical region (Northern or Southern
Nigeria). However, residents in Northern Nigeria were more likely to have vaccination service
delivery points located within 5km radius of their settlements compared to their counterparts
in Southern Nigeria. In addition, the study shows a generally sub-optimal supply of services,
particularly in terms of the availability of trained vaccinators and geographical coverage of rou-
tine immunisation services. Perhaps reflecting the autonomy of individual states within the
federal structure of governance in Nigeria, disparities were evident between individual states
irrespective of regional affiliation.
Nigeria operates a federal system of government in which the roles of the various tiers
with respect to health is not clearly defined constitutionally. While Nigeria’s National Health
Policy supports the devolution of PHC to the local governments, the federal constitution may
be interpreted to imply that state governments are primarily responsible for PHC, leaving the
extent of participation of Local Government Authorities at the discretion of individual state
governments [18, 4, 19]. Such a complex system may have had implications on health service
delivery, particularly routine immunization. This may explain why Nigeria, after climaxing
with an average routine immunization coverage of 81.5% for all vaccines during the unitary
Table 4. Supply-side Indicators for routine immunization across selected states by coverages, n (%).
LOW COVERAGE P-VALUE* HIGH COVERAGE P-VALUE*
INDICATORS KANO (N = 464) ABIA (N = 622) JIGAWA
(N = 343)
ONDO (N = 525)
Percentage of Health Facilities without stock
out of Oral Polio Vaccines or Pentavalent
vaccine in the reporting period
411 (89) 527(84.7) 0.07 330(96) 512 (98) 0.31
Percentage of Health Facilities with at least
two trained vaccinators
335 (72) 444 (71) 0.79 226 (66) 337 (64) 0.66
INDICATORS KANO
(N = 6,889,851)
ABIA
(N = 3,099,314)
JIGAWA
(N = 2,968,723)
ONDO
(N = 4,284,205)
Percentage of population living within 5 km
radius from immunization service points
(Health Facilities and outreach locations)
3,847,395 (56) 1,422,987 (46) <0.001 2,396,411 (81) 2,719,700 (64) <0.001
* Fisher’s exact test for a difference in proportion between facilities in Low coverage and between facilities in High coverage states, respectively.
doi:10.1371/journal.pone.0144876.t004
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military regime between 1988 and 1990, experienced a decline following devolution of power
to states with the advent of democracy in 1999. Whereas comparable countries in the region
with unitary systems of government, such as Ghana, Cote d’Ivoire and Senegal perform
higher than the African continent’s average DTP coverage of 75% [20], countries operating
federal system of government, including Nigeria, South Africa and Ethiopia, fall below aver-
age [21].
The inter-state disparity in vaccine availability may also be due to the vaccine supply chain
in Nigeria, which operates a ‘push-pull’ system. This involves the federal government purchas-
ing and distributing vaccines to the states, which are in turn responsible for “pushing” vaccines
to local governments. At this lower level, health facilities are required to retrieve (“pull”) vac-
cines from their local government cold stores. Previous reports have shown that the weakest
link in this supply chain is between local governments and service delivery points, with health
facilities not having vaccine collection plans and consistently experiencing stock-outs of at
least one antigen despite adequate supplies at the national and state levels [22]. In 2014
national reports, one state in the North and five in the South seemed to persistently have less
than four weeks supply of vaccines [23]. This suggests disparity in favour of the North, which
contrasts with our findings in this study. This seeming disparity may result from attempts at
ensuring that the areas with the greater need get priority supply (vertical equity). Although the
ongoing polio eradication efforts may have had significant impact on vaccination coverage,
particularly in the North which houses all the high-risk states [24], our findings suggest that
this did not result in differential stock-out rates across the regions. In town hall meetings con-
ducted in 2012 across Nigeria, participants in both North and South commonly identified
numerous constraints to accessing immunization services, including vaccine stock-outs at local
government level and lack of funds for health facilities to facilitate the “pull” process from local
government headquarters [25].
In line with current estimates of the distribution of mid-level health workers—nurses and
community health extension workers—in Nigeria, our study shows no regional disparities in
human resources trained on delivering routine immunisation services. Northern Nigeria has
a density of mid-level health workers of 22.7 per 100,000 of population compared to 21.5 in
Southern Nigeria [26]. However, 55% of training institutions for community health exten-
sion workers are located in the North, while 75% of schools of nursing are located in the
South. Thus, the majority of health workers trained on guidelines for immunisation are
trained in the South and deployed to fill gaps in the North [26]. This trans-regional migra-
tion of health workers may be partly responsible for the uniformity in the distribution of
immunisation workforce. However, 30% of health facilities lack an adequate number of
trained personnel for vaccination services, indicating that in some facilities non-qualified
personnel may be involved in administering vaccines. Previous studies have demonstrated
significant associations between nurse density and vaccination coverage, as opposed to avail-
ability of doctors for which there was no significant association [27]. In Nigeria, as in many
other developing countries, immunization services at PHC centres are delivered mostly by
mid-level health workers. This cadre is closest to the public and is the backbone of PHC.
While the importance of health workers in service delivery is not disputed, the variation in
association between the cadre of health workers and immunisation outcome is not yet widely
acknowledged.
Immunisation policy in Nigeria aims to provide services within a 5km or 1 hour walking
range. But physical access was found to be sub-optimal across selected states irrespective of
geographical region. A previous study in Jigawa found the location of health facilities to be
biased in favour of local government headquarters, which tend to be in urban or semi-urban
communities [28]. Several studies have shown a direct relationship between geographical
Routine Immunization Access across Nigerian Regions
PLOS ONE | DOI:10.1371/journal.pone.0144876 December 21, 2015 7 / 10
accessibility and utilization of health services such as a progressive decline in utilization with
distance to health service delivery points, levelling off at 4km from the facilities [29]; and a 50%
decline in utilization at distance range of 2-4km [29, 30, 31, 32]. This has important implica-
tions for equity, as people who live in the most remote areas also tend to belong to the most dis-
advantaged social groups [33, 34].
The challenges with removing barriers to access to routine immunisation in Nigeria are
more profound at the local government level. Even though local governments have the weakest
financial and technical capacity to implement primary health care, the design of the decentra-
lised system of governance is such that they carry the greatest burden of service delivery. Niger-
ia’s current revenue allocation formula disburses 52.68% of national revenue to the federal
government, state governments receive 26.72%, while 20.60% is shared among the 774 local
governments [35]. Although this does not reflect health allocations directly, it is evident that
the tier of government that provides basic services of primary health care and primary educa-
tion receives the least allocation of resources. Furthermore, state and local government
resources are pooled in a common account under the control of the state governments, which
are constitutionally empowered to disburse funds as they deem fit. Consequently, local govern-
ments often are the most fund-deprived administrative tier. This system of governance and
resource allocation is thus potentially responsible for the difference in supply of services across
various states rather than across regions, as observed in this study.
In Nigeria, vaccines and injection supplies account for 25% of total costs of immunization,
while other costs include salaries (47%), training (4%), transport (6%) and infrastructure
(4%) [36]. The federal government is responsible for the vaccination costs, while states and
local governments are in charge of salaries, training and capital costs, accounting for about
55–60% of total immunization expenditure. Transport costs are the shared responsibility of
all tiers of government via the ‘push-pull system’, with the local governments bearing the
greater burden as they finance the transportation of commodities to health facilities. Based on
our findings, we recommend that, to improve access to routine immunization in Nigeria, a
strategy hinged on strengthening the capacity and accountability of local governments will
have to be evolved.
Limitations of this study include the use of secondary data from the routine data system,
which is known to have poor data quality due to inadequate training of data officers, con-
straints with availability of data tools as well as data transmission platforms, resulting in fluctu-
ations in data reporting rates. In spite of these challenges, routine data are the best available
source on the implementation of the expanded programme on immunization and are used in
health programming and policy making both centrally and at the lower levels of the health sys-
tem. In addition, the results of the study are prone to selection bias as a purposive sampling
technique was used to select the states. This implies that our results may not be representative
of and generalizable to the entire country, particularly as each state operates its own unique
health system at the local government level. However, we endeavoured to be transparent on the
criteria on which study states were selected, and these may guide the application of our results
beyond the sample states. Although data from all LGAs that conducted PHC reviews within
each sampled state were analysed, the proportion of LGAs that conducted PHC reviews in each
state varied, thereby presenting a potential selection bias. However, given that we studied the
supply-side determinants only (which are largely centrally coordinated in each state), it is
unlikely that the absence of data from non-participating LGAs will have considerable impact
on the results. A further limitation is that the PHC review does not provide data disaggregated
along socio-cultural lines, which would have been desirable to conduct multivariate analysis to
adjust for this potential confounder.
Routine Immunization Access across Nigerian Regions
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Conclusion
Nigeria operates a complex system of government, with significant implications for PHC ser-
vice delivery, including routine immunisation services. Our findings however suggest that
regional supply-side disparities may not explain disparities in routine immunisation coverage
across Nigeria. This reinforces the earlier reported socio-cultural explanations for the differ-
ences in uptake of routine immunization between Northern and Southern Nigeria. However,
disparities in supply-side indicators seem to exist across individual states irrespective of their
geographical region. This is perhaps because in Nigeria, each state government is free to deter-
mine its own health care delivery system and allocate financial resources as it deems fit, without
input from the federal government. The weakest links in Nigeria’s immunization system are
local governments, which are responsible for the delivery of PHC services. This weakness is
largely due to poor financing. Efforts to improve the supply of routine immunisation services
require financial and technical support for local governments in ensuring that the supply chain
for vaccine commodities functions optimally, that there are skilled human resources to deliver
routine immunisation services, and that health facilities are equitably distributed within local
governments. Using a survey-based design rather than routine data in future research may pro-
vide further evidence for comparisons.
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